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Abstract: Mulberry leaves are a rich source of high-quality protein and possess the potential to yield bioactive peptides.
This study identified novel a-glucosidase inhibitory peptides from mulberry leaf proteolytic products based on peptidomics
identification and the structure-activity relationships of active peptides. Through molecular docking and network pharma-
cology predictions, the anti-diabetic mechanisms of these novel a-glucosidase inhibitory peptides were elucidated. The re-
sults indicated that two novel a-glucosidase inhibitory peptides were identified: ANSTGSRL (IC;;=0.314 mg/mL) and
LAKLLHSK (IC4,=0.183 mg/mL). LAKLLHSK exhibited a higher content of S-sheet structure and a lower content of a-
helix and random coil structures compared to ANSTGSRL. The gastrointestinal digestion process enhanced the release of a-
glucosidase inhibitory activity for both peptides, achieving over 85% enzyme inhibition. Molecular docking analysis re-
vealed that the two peptides tightly bound to the active residue sites of a-glucosidase (Val335, Val334, Pro230 and Gly228),
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primarily through multiple hydrogen bonds and hydrophobic interactions, thereby exerting their a-glucosidase inhibitory ac-
tivity. Network pharmacology predictions indicated that two peptides, ANSTGSRL and LAKLLHSK, could interact with
over ten key targets, including MAPK1, CASP3, STAT1, ERBB2 and AKT3. KEGG pathway enrichment analysis re-
vealed that the anti-diabetic pathway associated with these peptides involves multiple complex signaling pathways, includ-

ing the TNF, cAMP, PI3K-Akt, and MAPK pathways, as well as insulin resistance. In conclusion, the novel mulberry leaf

peptides ANSTGSRL and LAKLLHSK exhibited strong a-glucosidase inhibitory activity and potential glucose regulation

effects. This study could provide a theoretical reference for the high-value utilization of mulberry leaf protein resources.
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g 70000, F 3 g5 A H AR BE S 1100, Fekid
SFAFTE] 40 ms, MS2 43 AL N 17500, H 3h3E 5
FEH HAR B E N 1x10°, S U ESFAYE 50 ms. Pro-
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Fig.1 Peptide content and a-glucosidase inhibitory activity
of ultrafiltration peptides from mulberry leaves
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FEER R-(Arg) . #iEE K-(Lys) FEEZEIE M-(Met) |
LR L-(Leu) . FAo& R 1-(1le) . NETFR A-(Ala)
FIAH 2R P-(Pro) S5 JE A4 B o~ ZIFE T I il K B4
HEEREILRIR I . HAA R o- AR I S
P B4 K F1 43 T2 T 1000 Da. & FEM2 %% H 78
4~8 Z [A]18 o AR AR T N A DA P14 v L AT VI PRI
—4~+3, EE R BRH AT E S 0 Bl+1, Y ki H ey Ak
T—4 5 +3 B, o v 04 HE ey 2 RO I 55 BK 04 T R v
‘lﬁz[%]o

LRG i o-m AP EEIT IR AR © SRR
SAFENR 5 EU AN TG P K %) FL AR A F R R T 1 i AR A
- EPFEF RN IR . BB 32 2 AT, TEASHEST AL
A ANSTGSRL. LGKAVKPK #1 LAKLLHSK — 4%
R 51 4~8, 4 F AN T 1000 Da 1YL 5544
HAr, ANSTGSRL &7 A.S. S. L. R, T &M
IR, 5N 75%; LGKAVKPK & & L. A, P. K.
K Z545 AR M2 LR, 5 b 62.50%; LAKLLHSK &
# L.A.L.L.S.KZ&REMHEEIER, SR 75%.
ZH AR TN & B 3 SNERS I Tk . JEEEH
#a 2 E 5 (Instability index<40), B A #1554 15 FH 7
fg. o, il XTI E R I, LGKAVKPK Frif

* 1 RHZIRMERER I EE

Table I Amino acid sequence identification of mulberry leaf peptides

5 N2l 4y Fi(Da)  RIERE(H) AR A
1 ANSTGSRL 804.41 8 I AT A VK A it 2.71E+07
2 LGKAVKPK 839.56 8 MYB#% 5K 130 1.50E+07
3 KGAAAEGMK 861.44 9 MTP7Z 1.46E+07
4 KSTTGDGLK 905.48 9 EcwIN [Fey 7.69E+07
5 LAKLLHSK 908.58 8 WEELAE RS il 2.45E+09
6 CKVGAPAAR 928.49 9 I B A K A i 1.11E+08
7 IVSASQDGR 931.47 9 G HA W HBIFE 1.90E+07
8 QSGSNPTKK 945.49 9 MYB#:5¢ K30 2.19E+07
9 LTATEAVEK 960.51 9 ARG AK & il 2.45E+08
10 SLPERSGLK 985.56 9 MYB#4 35 T30 6.32E+07
11 GVAYSNYSK 987.47 9 HMASHE A 3.99E+07
12 VNPGNFADR 988.47 9 A-FERE3- U T 2 -Jf e R A SR 5.26E+07
13 MGSLSFLEK 1010.51 9 MR RS il 4.28E+07
14 QNLPAPKPR 1019.59 9 R2R3-MYB#% % H F 3.25E+07
15 DTDILAAFR 1020.52 9 WmRE-1,5- R A il 1.92E+07
16 NYPKPGLKK 1043.61 9 E-E R E RN 1.26E+07
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5 N2l S Fit(Da)  SEERE(AS) FAEN AR B
17 MSVAELKER 1061.55 9 GEHWHRIF: 1.O1E+07
18 IPLVAVAEPR 1063.64 10 B EHER-3- 52 AL 3.65E+07
19 NDDHVVLVR 1065.56 9 14-3-3%H 7.51E+07
20 IWAFGGHRR 1098.58 9 GHE I HEpIFE 2.43E+09
21 FEFEAMDTL 1101.47 9 WEEAE-1,5- BRI AR AL Al 1.69E+07
22 LEQQLESEK 1102.55 9 nHE-ER A EENA 3.24E+07
23 EEEMAFLSR 1110.50 9 nHE-ERAEEA 8.34E+06
24 VMRRNSISR 1117.61 9 NPREH 1.26E+07
25 MGRKPCCSK 1122.51 9 MYB# 5K F30 8.77E+06
26 LTRAEDYFK 1141.58 9 NPRZE [ 6.72E+07
27 RICEKSLIK 1145.66 9 IR £ i 4.07E+06
28 LGKWWEVFK 1191.64 9 HE-ERRE RN 3.35E+07
29 LESYEYIRR 1227.62 9 B BEE-3- 2L 1.06E+07
30 WANWEFHLK 1229.60 9 Jie S ALt 8.28E+05
31 EITLGFVDLLR 1274.72 11 FHE-1,5- — B R R AL 1.70E+07
32 VGQVLPSHGHVIGNIIK 1767.02 17 SEREE 2.15E+08
33 NLVTVVAAGEDLTVEER 1813.94 17 14-3-3% 11 2.07E+07
34 DPLLGEASMSLAMAGDDLR 1960.92 19 NPR#EH 6.72E+07
35 VAYNEFSTEIPVISLAGIDEVEGRR 2763.41 25 HEER3- (Ll 3.01E+07
2 WHEAYTE R IR
Table 2 Physicochemical properties of potentially bioactive peptides

N2l 4y (Da) K Kk FRIEMES R PNV Ha g (pH=7) B Bk 1 (keal/mol)

ANSTGSRL 804.41 8 D A.S.S.L.R.T 2221 1 v +12.13

LGKAVKPK 839.56 8 D L.A.P.K. K -14.89 3 v +16.38

LAKLLHSK 908.58 8 Gy L.A\L.L.S.K -1.86 2.1 ToH +13.04

FEL AT 9 = L AT (+3), ANSTGSRL #ll LAKLLHSK Fff
7 L IR ERLfRT o F5 pE I = A FR AT T BESS I FF K
FITHRENEPHEPY, #E—2E 0k H ANSTGSRL il LAK-
LLHSK W44 1] B8 HLAG B0 o- ] 28 0 1 Il 0 1) 3% 1
FIFT UK, 25 BIOPEP Fl1 MBPDB %t 224622, A 4%
JREIAE S TG PR T HRAE
2.3 FRBIE R SLERRT

BE—HE M FME T ANSTGSRL Fil LAKLLH-
SK PEEIKAY 2 atifl, 455 ULIE 3 FIE 4., HIE 3A
FIE 3C n] 50, 22 HPLC &, P9 45 1K f8 4% g 21>
ANSTGSRL F1 LAKLLHSK 45 %] 7& 15 88 05 [a]
11.797 F1 12.942 min, 4iE535°4 96.89% #11 99.26%,
BT 95%. @it & 3B FE 3D /Y5 % 43 A ml s,
ANSTGSRL il LAKLLHSK 4 43 7 12 W] 52 1& N
804.80 Da F1 909 Da, 55 2.2.2 #4533 2 TPyl
BT, UL BRI AR A s SR T A

BK B4 A= P s e RS e e S H g a5 A 2 DI AR
Ko FEFE BRI LTANETE I — M FIRAE TP
JIK ANSTGSRL F1 LAKLLHSK B 24544, 4% 5 0,
El 4, E 4A B, A KA LT A MEFAE U4 1% 148 TE AH
L, FEBENE A H7 (3443 cm™') | BEE 1767 (1656 cm™)
FIWERE 147 (1544 cm™ ) #BH BB R Y O-H. N-H.
C=0 I C-N HYFFAEM I ide, 75 2920 em™ 4k H 311
C-H 45 ¥R SR MENE, 75 1206 cm™' F1 1144 cm™* 4k

HEL C-O. C-N {45 3R 3 B9 4R AE W i e 21, b,
3443 cm™' A IRIIA R O-H F1 N-H f4aHR3nITR
AW, 2] ANSTGSRL 1 LAKLLHSK 41
Z 8] F DA S B TR

Wz 147 (1600~1700 cm™) 5 k4 B SR 00 A )
FEJE BAH C, XTI et iAot (d
FH Peakfit v4.12 A4 LG F-F AR m AT T
ANSTGSRL 1 LAKLLHSK —ZR&45HAE% &,
&l 4B A1, ANSTGSRL [ 30.65%a-12iE . 38.89%
LY. 17.87%L-FE AR 12.59% JCHLIN) 25 ph 454420
%o LAKLLHSK MJ3IEG 45 B a-lBHE . g-37E .
B-5% Ff R TG K0 0N 2 iy % AR B R A 5 A 21.45% .
52.82%. 9.38% Fll 16.34% (& 4C) . H &% m P
E LEAR AR, LA A T I Bl R, B2 PR AN
B2 MBI P 350 4700 P & & 19 o- 8L JE R TR
W 25 A AR, Pl fbrs v S AR e Mg 22!, A8
AHFFE, FH LT ANSTGSRL, LAKLLHSK HA%
IS B o-BEHE RN TG RN 6 i 4544, &7 5 i ey
L-IrEaitg ., XFW, LAKLLHSK B a-78 250 i
e & Hops e E T BED T ANSTGSRL.
24 BN o-BEEEEIGIE MRS BiELE
E M

PE—H RS T BRIUAR Y o R PN T R s e
T AR E T, g5 95 ULIE 5 FE 6.
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Fig.3 HPLC purity map and mass spectra of the novel peptides
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Fig.5 a-Glucosidase inhibitory activity of synthetic peptides
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Fig.6 Effect of gastrointestinal digestion on the bioactivity
of novel peptides
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Fig.8 Prediction of novel peptide hypoglycaemic target genes
and construction of a PPI network for core targets
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Fig.9 Enrichment analysis of novel peptides with cross-targets
in diabetes
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